One of the diseases of veterinary and public health importance affecting the Kafue lechwe (Kobus leche kafuensis) on the Kafue flats is brucellosis, for which only scant information is available. During the 2003 (October), 2004 (December), and 2008 (July-December) hunting seasons in the Kafue flats, we conducted a study to determine the seroprevalence of Brucella spp. in the Kafue lechwe and to evaluate serologic tests for detection of Brucella spp. antibodies in lechwe. The Rose Bengal Test (RBT), competitive enzyme-linked immunosorbent assay (cELISA), and fluorescence polarization assay (FPA) were used. A total of 121 Kafue lechwe were hunted for disease investigations in 2003, 2004, and 2008 in the Kafue Flat Game Management Area. Of these, 21.6%, (95% confidence interval [CI]: 14.2-29.1%) had detectable antibodies to Brucella spp. The Kafue lechwe in Lochnivar National Park had higher antibody results than those in Blue Lagoon National Park (odds ratio53.0; 95% CI: 0.94-9.4). Infection levels were similar in females (21.6%) and males (21.7%). Results were similar among RBT, FPA, cELISA tests, suggesting that these could effectively be used in diagnosing brucellosis in the Kafue lechwe. Our study demonstrates the presence of Brucella infections in the Kafue lechwe in two national parks located in the Kafue flats and further highlights the suitability of serologic assays for testing the Kafue lechwe. Because the Kafue lechwe is the most hunted wildlife species in Zambia, hunters need to be informed of the public health risk of Brucella spp. infection.
INTRODUCTION
Zambia is the only country harboring all the three subspecies of lechwe (Kobus leche): the black lechwe (Kobus leche smithemani), confined to the southeast Democratic Republic of Congo and the Bangweulu swamps; the red lechwe (Kobus leche leche), still present in the Okavango delta in Botswana, but more common in central and western Zambia; and the Kafue lechwe (Kobus leche kafuensis), confined to the central Kafue flats (Carwardine, 1988) . The Kafue lechwe is a highly gregarious, semiaquatic grazer, inhabiting the floodplains of the Kafue River. The animals spend much of their time in water up to 50 cm deep and are rarely seen far from the water (Rottcher, 1978) . The lechwe is the most hunted wildlife species in Zambia for human consumption (Siamudaala et al., 2003) . Therefore, brucellosis in the lechwe is of potential economic, ecologic, and public-health importance. Currently, the estimated population of lechwe on the Kafue flats is 40,000-45,000 (Kamweneshe et al., 2002) . The Kafue lechwe has recently been moved to the red list of the most endangered species (IUCN, 2009) .
In many African countries, brucellosis has been shown to be prevalent in areas of wildlife-livestock interaction (Nicoletti, 1980; Jiwa et al., 1996) . The Kafue lechwe is of particular epidemiologic interest because of its large population, close contact with cattle on the flood plains, and its history of brucellosis (Rottcher, 1978; Ghirotti et al., 1991) . Previous serologic investigations for brucellosis in Kafue lechwe and other large mammals in Zambia have been conducted with the Rose Bengal test (RBT), serum agglutination test (SAT), and complement fixation test (CFT; Pandey et al., 1999) . Rottcher (1978) examined 439 sera from 37 species using SAT and found 6.5% antibody-positive Kafue lechwe antelope (Kobus leche kafuensis), along with 9.6% of puku antelope (Kobus vardonii), 8.5% of wildebeest (Connochaetes taurinus), 10.5% of buffalo (Syncerus caffer), 8.6% of bushbuck (Tragelaphus scriptus), 18% of zebra (Equus burchelli), 12.5% of impala (Aepyceros melampus), and 16% of eland antelope (Taurotragus oryx). Later, Pandey et al. (1999) examined sera from 150 Kafue lechwe between 1991 and 1997 using RBT, SAT, and CFT and estimated antibody prevalence to be 22%. However, serologic methods for diagnosing Brucella spp. in lechwe have not been evaluated, and results from various studies may be difficult to compare. In cattle (Bos taurus) in the rural areas, the prevalence of the antibody to Brucella spp. has been estimated to range from 14.1% to 28.1% and from 46.2% to 74.0%, at individual and herd levels, respectively (Muma et al., 2006) ; in goats, Brucella melitensis has been suspected, based on serology (Bell et al., 1976 (Bell et al., , 1977 .
There are nine recognized nomen species of Brucellae: Brucella abortus, Brucella melitensis, Brucella suis, Brucella canis, Brucella ovis, Brucella neotomae, Brucella ceti, Brucella pinnipedialis, and Brucella microti (Cloeckaert et al., 2001; Cloeckaert et al., 2003) . Of these, B. melitensis tends to be a problem in antelope species, such as the lechwe (Madsen and Anderson, 1995; . In serologic diagnosis of Brucella spp. infection in wildlife, multispecies assays developed for livestock are normally employed. The aim of this study was to determine the infection levels of Brucella spp. in the Kafue lechwe and to evaluate the use of RBT, cELISA, and FPA in this species.
MATERIALS AND METHODS

Study sites
The study was conducted in the Kafue flats in the Game Management Areas (GMAs) close to Lochinvar National Park (NP) and the Blue Lagoon NP in Zambia (Fig. 1) . Zambia lies between longitudes 22uE and 34uE and between latitudes 8uS and 18uS. The country has a total area of 75.26 million ha; of which, 0.92 million ha are covered by bodies of water, including lakes, swamps, and rivers, leaving a total dry land area of 74.34 million ha. The Kafue flats are wetlands covering an area of 600,400 ha, designated as a Ramsar site (RIS, 2007) . The flats are covered by Blue Lagoon NP with an area of 420 km 2 , Lochinvar NP (410 km 2 ) and Kafue GMA (5,175 km 2 ). Game management areas are considered to be buffer zones immediately surrounding NPs where human settlement, limited agricultural activity, and legal game hunting are allowed (Lewis et al., 1990) . When livestock are present in these areas, there is active interaction between livestock and wildlife; hence GMAs are also referred to as livestock-wildlife interface areas.
Study animals and sampling
The Zambia Wildlife Authority provided 131 lechwe for the purpose of investigating diseases affecting this species on the Kafue flats. The survey was conducted during the 2003 (October), 2004 (December), and 2008 (July-December) hunting seasons in the Kafue flats. Serum samples were collected from 121 of the 131 lechwe hunted under special research license to investigate wildlife diseases. Sera could not be collected from 10 animals because of the difficulty encountered in retrieving the animals from the flood plains. Blood was drawn from the jugular vein or the heart immediately after the animal was killed. Blood samples were shaded for about 10 min to allow for clotting and then maintained at 4 C. In the laboratory, sera were separated by centrifugation at 503 3 G) for 15 min and stored in 2-ml cryovials at 220 C until tested.
Serologic testing
Samples were tested in parallel testing using RBT, cELISA, and FPA. The RBT was done as described by Alton et al. (1988) using Brucella abortus antigen (Veterinary Laboratories Agency, Addlestone, Surrey, UK), whereas the FPA assay was done according to procedure described by Nielsen et al. (1996 Nielsen et al. ( , 1998 , using a sentry fluorescence polarization analyzer (FPM-1, Diachemix Sentry TM 100 single-tube reader, Diachemix LLC, Milwaukee, Wisconsin, USA). Positive and negative reference sera from cattle were included as controls. Data were expressed as milipolarization (mP) units, and the threshold for determining an antibody-positive sample was set at .90 mP (Nielsen et al., 1996) . The cELISA was done using the SvanovirH Brucella-Ab cELISA kit (Svanova Biotech AB, Uppsala, Sweden). An animal was considered positive for antibodies if it was positive by any two of the three tests.
Data analysis
Database construction and manipulation were done in Microsoft Excel (Microsoft Corporation, Redmond, Washington, USA) before being transferred to Stata/SE 9 for Windows (StataCorp, College Station, Texas, USA). Antibody prevalence was determined using the survey command in Stata. Agreement between tests was evaluated using the k test. Associations between categorical variables were evaluated using the Fisher's exact test. A logistic regression model was used to compare the levels of risk of Brucella spp. infection in different animal categories.
RESULTS AND DISCUSSION
Of the 121 Kafue lechwe hunted for disease investigations in two national parks in the Kafue flat GMA, 21.7%, (95% confidence interval [CI]: 14.2-29.1%) were antibody positive. The Kafue lechwe in Lochinvar were more likely to be positive than those in Blue Lagoon (odds ratio53.0; 95% CI: 0.94-9.4; Table 1). Antibody prevalences were similar in females (21.6%) and males (21.7%). Results were similar among RBT, FPA, and cELISA tests (Table 2) .
We found a relatively high antibody prevalence in lechwe from Lochinvar and Blue Lagoon NPs (21.7%). Between 1975 and 1978 , Rottcher (1978 found Brucella spp. antibody prevalence to be 6.5% (10/ 152) in the Kafue lechwe (six positive for B. melitensis and four for B. abortus, according to titers) based on the SAT. In 1999, Pandey et al. (1999) found antibody prevalence of 22% (30/150) using the RBT, SAT, and CFT tests. Our results corroborate those of Pandey et al. (1999) , suggesting that Brucella spp. infection on the Kafue flats has remained fairly stable. Antibody prevalences varied according to area, with Lochinvar having a higher prevalence (26.5%; 95% CI: 14.2-29.1%) than Blue lagoon did (10.8%; 96% CI: 0.05-21.1%). This trend was also observed in cattle sharing the same grazing land with lechwe, where antibody prevalence was estimated at 28.1% (CI: 17.1-39.2%) and 14.1% (CI: 7.5-20.6%) for Lochinvar and Blue lagoon, respectively (Muma et al., 2006) . The Brucella spp. seroprevalence in both cattle and lechwe was almost twice as high in Lochinvar as in Blue lagoon, suggesting that there is an ecologic effect on Brucella spp. infections in lechwe and cattle on the Kafue flats. Considering that Brucella spp. infections are highly contagious, wildlife-cattle interaction may pose a risk of transmission from cattle to wildlife and wildlife to cattle (bimodal transmission) on grazing pasture and at drinking water points (Jiwa et al., 1996; Reviriego et al., 2000) . This is in agreement with previous findings that there was more wildlife-cattle interaction in the Lochinvar region than in Blue lagoon (Muma et al., 2007 ). An association between Brucella spp. infections in lechwe and cattle was reported earlier (Muma et al., 2006 (Muma et al., , 2007 .
In other studies, Brucella spp. antibody was high in gregarious animals, including wildebeest (Sachs et al., 1968) and buffalo (Madsen and Anderson, 1995) , possibly because large herds offer optimal conditions for transmission of Brucella spp. (Crawford et al., 1990) . The Kafue lechwe are gregarious and semiaquatic animals and De Vos et al. (1969) observed that there was a tendency for Brucella spp. prevalence to be high in water-loving, wild animal species, such as the hippopotamus (Hippopotamus amphibious) and buffalo, probably because of increased survivorship of the pathogen under moist conditions. Because Brucella spp. can survive in water (at 20 C for 2.5 mo), wet soil, (,7 days), and manure (at 25 C for 1 mo), it has been pointed out that cross-infections between animal species through environmental contamination is likely in cattle and other wildlife species during times of calving and abortions (Nicoletti, 1980) . In conditions of high humidity, low temperatures, and no sunlight, Brucella spp. can remain viable for several months in water, aborted fetuses, manure, wool, hay, equipment, and clothes (Al-Talafhah et al., 2003) . In cattle, the Brucella spp. antibody prevalence in males and females has been reported to vary with subpopulations. Although some studies have reported no difference between sexes (McDermott et al., 1987; Silva et al., 2000) , others have suggested that the risk of Brucella spp. infection is higher in female cattle (Crawford et al., 1990; Omer et al., 2000; Muma et al., 2006) . Our finding of similar risk of exposure in both male and female lechwe corroborates results of Pandey et. al. (1991) , despite the latter sampling mainly male animals (10 females of 150 animals). This phenomenon suggests there could be benefits in screening for brucellosis in lechwe based on samples from male animals because these are more available than those from female animals because of trophy hunting and culling exercises. Most culling exercises target old, male animals, leaving females for reproduction, whereas males are also harvested during legal hunting because of their large size for trophies.
Ours is the first study to test the use of FPA on lechwe. The test performed well, with good agreement with the cELISA and RBT. The FPA may be suitable for detection of serum antibodies to B. abortus in multiple species, including, humans, livestock, and wildlife. In ruminants, this test has a high diagnostic specificity and sensitivity compared with the other tests (Nielsen et al., 2000; Duran-Ferrer et al., 2004) . Because the test is also easy to perform, it may be the method of choice under field conditions. Muma et al. (2007) estimated the sensitivity and specificity of the three tests in cattle in Zambia to be high, with cELISA having the highest sensitivity of 97% and FPA, the highest specificity of 93%. The real test sensitivity and specificity for lechwe are not known, and our study was not designed to be able to establish those parameters. However, with the current serial interpretation of tests, the specificity will be high, and the reported prevalence is more likely an underestimate of the true prevalence.
The primary impact of brucellosis in domestic animals is an assumed reduced reproductive success because of sterility in males and abortions in females, which is generally difficult to determine in wildlife populations (Foster et al., 2002) . Masukawa et al. (1995) reported orchitis in Kafue lechwe and implicated brucellosis as the cause of the disease. If these results are indicative of the potential effect of brucellosis in the Kafue lechwe, the disease could have an influence on reproductive efficiency in the lechwe population. However, based on the investigations conducted so far, no clear conclusion is possible concerning the effect of brucellosis in lechwe.
Brucellosis in wildlife may constitute a potential hazard for humans, both directly as a source of infection and indirectly as a bacterial reservoir for other wildlife and livestock. Rottcher (1978) reported antibodies to B. melitensis in the Kafue lechwe, and in our investigations, we isolated bacteria that had characteristics of B. melitensis, although the results were not confirmed (results not shown). In Tanzania, B. melitensis biotype 1 was isolated from an infected game guard who had contracted brucellosis during a large game-cropping exercise, and later the same strain was isolated from an impala (Schiemann and Staak, 1971) . In Belgium, B. suis biovar 1 was isolated from a butcher who had been handling imported feral pig meat (Godfroid et al., 1994) , and more recently, in the United States, brucellosis was diagnosed in three people who participated in hunting and skinning feral pigs (CDC, 2009) . Given that Kafue lechwe is the most highly hunted species for game meat (Siamudaala et al., 2003) and given the antibody prevalence shown in this study, brucellosis in lechwe may pose a risk to hunters, game scouts, and people processing lechwe carcasses for meat or trophies. Nevertheless, there is a need to isolate and evaluate the zoonotic potential of Brucella spp. from lechwe.
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